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(57) ABSTRACT 

A modi?ed interferon beta (INFB) is provided, Which is less 
immunogenic than human INFB (SEQ ID NO: 1) When 
administered to a human in vivo. The modi?ed INFB com 
prises an amino acid residue sequence that differs from SEQ 
ID NO: 1 by a substitution at one or more residues of SEQ 
ID NO: 1. Preferred substitutions are at residues selected 
from the group consisting of residue 50, 59, 60, 62, 63, 66, 
67, 69, 70, 125, 126, 129, 130, 132, 133, and 138. Examples 
of suitable substitutions include F50A, L57A, 159A, Y60N, 
M62A, L63A, I66T, F67H, 169A, F70A, Y125A, Y126A, 
1129A, L130A, Y132S, L133A, Y138H, and Y138A. 
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FIGURE 1 

Peptide sequences in human INFB with potential human MHC class II binding activity. 

MSYNLLGFLQRSS (SEQ ID NO: 10) , YNLLGFLQRSSNF (SEQ ID NO: 11) , 
NLLGE‘LQRSSNFQ (SEQ ID NO: 12) , LLGFLQRSSNFQC (SEQ ID NO: 13) , 
LGFLQRSSNFQCQ (SEQ ID NO: 14) , GE‘LQRSSNFQCQK (SEQ ID NO: 15) , 
RSSNFQCQKLLWQ (SEQ ID NO: 16) , SNFQCQKLLWQLN (SEQ ID NO: 17) , 
QKLLWQLNGRLEY (SEQ ID NO: 18) , KLLWQLNGRLEYC (SEQ ID NO: 19) , 
LLWQLNGRLEYCL (SEQ ID NO: 20) , WQLNGRLEYCLKD (SEQ ID NO: 21) , 
GRLEYCLKDRMNE‘ (SEQ ID NO: 22) , LEYCLKDRMNFDI (SEQ ID NO: 23) , 
YCLKDRMNFDIPE (SEQ ID NO: 24) , DRMNFDIPEEIKQ (SEQ ID NO: 25) , 

MNFDIPEEIKQLQ (SEQ ID NO: 26) , FDIPEEIKQLQQF (SEQ ID NO: 27) , 
DIPEEIKQLQQFQ (SEQ ID NO: 28) , EEIKQLQQFQKED (SEQ ID NO: 29) , 
KQLQQFQKEDAAL (SEQ ID NO: 30) , QLQQFQKEDAALT (SEQ ID NO: 31) , 
QQFQKEDAALTIY (SEQ ID NO: 32) , FQKEDAALTIYEM (SEQ ID NO: 33) , 
KEDAALTIYEMLQ (SEQ ID NO: 34) , AALTIYEMLQNIF (SEQ ID NO: 35) , 
LTIYEMLQNIFAI (SEQ ID NO: 36) , TIYEMLQNIFAIE‘ (SEQ ID NO: 37) , 
IYEMLQNIFAIFR (SEQ ID NO: 38) , YEMLQNIFAIFRQ (SEQ ID NO: 39) , 
EMLQNIFAIFRQD (SEQ ID NO: 40) , QNIFAIFRQDSSS (SEQ ID NO: 41) , 
NIE‘AIE‘RQDSSST (SEQ ID NO: 42) , FAIFRQDSSSTGW (SEQ ID NO: 43) , 
AIFRQDSSSTGWN (SEQ ID NO: 44) , TGWNETIVENLLA (SEQ ID NO: 45) , 
GWNETIVENLLAN (SEQ ID NO: 46) , WNETIVENLLANV (SEQ ID NO: 47) , 

ETIVENLLANVYH (SEQ ID NO: 48) , TIVENLLANVYHQ (SEQ ID NO: 49) , 
ENLLANVYHQINH (SEQ ID NO: 50) , NLLANVYHQINHL (SEQ ID NO: 51) , 
ANVYHQINHLKTV (SEQ ID NO: 52) , NVYHQINHLKTVL (SEQ ID NO: 53) , 
HQINHLKTVLEEK (SEQ ID NO: 54) , NHLKTVLEEKLEK (SEQ ID NO: 55) , 
KTVLEEKLEKEDF (SEQ ID NO: 56) , TVLEEKLEKEDFT (SEQ ID NO: 57) , 
VLEEKLEKEDFTR (SEQ ID NO: 58) , EKLEKEDFTRGKL (SEQ ID NO: 59) , 

KLEKEDFTRGKLM (SEQ ID NO: 60) , LEKEDE‘TRGKLMS (SEQ (D NO: 61) , 
EKEDFTRGKLMSS (SEQ ID NO: 62) , EDFTRGKLMSSLH (SEQ ID NO: 63) , 
TRGKLMSSLHLKR (SEQ ID NO: 64) , GKLMSSLHLKRYY (SEQ ID NO: 65) , 
KLMSSLHLKRYYG (‘SEQ ID NO: 66) , LMSSLHLKRYYGR (SEQ ID NO: 67) , 
SSLHLKRYYGRIL (SEQ ID NO: 68) , LHLKRYYGRILHY (SEQ ID NO: 69) , 
KRYYGRILHYLKA (SEQ ID NO: 70) , RYYGRILHYLKAK (SEQ ID NO: 71) , 
YYGRILHYLKAKE (SEQ ID NO: 72) , GRILHYLKAKEYS (SEQ ID NO: 73) , 
RILHYLKAKEYSH (SEQ ID NO: 74) , LHYLKAKEYSHCA (SEQ ID NO: 75) , 
HYLKAKEYSHCAW (SEQ ID NO: 76) , YLKAKEYSHCAWT (SEQ ID NO: 77) , 
KEYSHCAWTIVRV (SEQ ID NO: 78) , HCAWTIVRVEILR (SEQ ID NO: 79) , 
CAWTIVRVEILRN (SEQ ID NO: 80) , WTIVRVEILRNFY (SEQ ID NO: 81) , 
TIVRVEILRNFYF (SEQ ID NO: 82) , IVRVEILRNFYFI (SEQ ID NO: 83) , 
VRVEILRNFYFIN (SEQ ID NO: 84) , VEILRNFYFINRL (SEQ ID NO: 85) , 
EILRNFYFINRLT (SEQ ID NO: 86) , LRNFYE‘INRLTGY (SEQ ID NO: 87) , 

RNFYE‘INRLTGYL (SEQ ID NO: 88) , NFYFINRLTGYLR (SEQ ID NO: 89) , 
FYFINRLTGYLRN (SEQ ID NO: 90) 
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FIGURE 2 

Residue WT 
Substitutions # Residue 

PPPPPPPP 
NPQRST 

NNNNNNNN K KKKKKKKK HTHHHHHHHH GSGGGGGGGG EREEEEEEEE DQDDDDDDDD CPCCCCCCCCCCCCCCCCC ANAAAAAAAA YLFLFLLWLL 5 8 TTTTTTTTT 
PPPPPPPPP NNNNNNNNN KKKKKKKKK HHHHHHHHH GGGGGGGGG EEEEEEEEE DDDDDDDDD AAAAAAAAA YLMFIILFL 02680 33334 
P N K H G E D C A Y 60 
P N K H G E D C A M 2 6 TTTTTTTTTTTTTTTT SSSSSSSSSSSSSSSSSSSSSSSSSS QQQQQQQQQQQQQQQQQQQQQQQQQQ PPP NNN KKK HHH GGG EEE DDD CCC AAA LllF 367 666 

TTTTTTT SSSSSSS RRRRRRRRRRRRRRRRRRRRRRRRRRTRRRRRRR SQQQQQQQQQQQQQQQQQ PPPPRPPPPPPP NNNNQNNNNNNN KKKKPKKKKKKK HHHHNHHHHHHH GGGGKGGGGGGG EEEEEEEEEEEE DDDDDDDDDDDD CCCCCCCCCCCC AAAAAAAAAAAA IFWIVLLVYILV 9093 7.812581 6778M889999w 
TTTTTTTTTT SSSSSSSSSS RRRRRRRRRR PPPPPPPPPP NNNNNNNNNN KKKKKKKKKK HHHHHHHHHH GGGGGGGGGG EEEEEEEEEE DDDDDDDDDD CCCCCCCCCC AAAAAAAAAA LLFLMLLYYI 

102 
106 
111 
116 
117 
120 
122 
125 
126 
129 
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FIGURE 2 cont... 

Substitutions 
Residue WT 

# Residue 

TTTTTTTTTTTTT SSSSSSSSSSSSS RRRRRRRRRRRRR QQQQQQQQQQQQQ PPPPPPPPPPPPP NNNNNNNNNNNNN KKKKKKKKKKKKK HHHHHHHHHHHHH GGGGGGGGGGGGG EEEEEEEEEEEEE DDDDDDDDDDDDD CCCCCCCCCCCCC AAAAAAAAAAAAA 
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FIGURE 3 

Residue WT 
Substitution # residue 
IKVWY FWP EVIP DMGG ClCC AFAA LLQR 

PQRST N 

P PK 

GPYGHTG Y 
Y W VP TMG 
YW WP VH MG TCHWCEPCYWPiCTIC 

RST 

PYT NWP KVH HMG EIC PADMADHAWMHFAHFAMDFA SSNFQCQKLLQLNGLEYCLK 2345678901 1111111122 
345 222 
6 2 

89 22 

0.123 3333 

T ST RS QR PQ NP 

YW T KN TTWPY P HK PPVHWPP P P PH PGH GHMGVGG G YG GGTGEG CcicMcCPWCTWCWccPCDE AAFAIAAHMAPMAMAAHACD DRMNFDEEIKQLQFQKEDAA mwwvww???gmmggw 
VI 

WGG CC 
V I. 57 

PP TE 58 
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FIGURE 3 cont... 

TTT PPPP PP 6666 G6 WCCCCTCC MMAAAAPAA .IFRQDSSST 901234567 677777777 
E 78 

Y 

W Y 

PP Y PV W 
66 W GM v CC MTCIP M AAPLPAFHTH... NETVENLANTL 0412456790 888888889 

100 
102 
103 A E 

QW 
N 
T PHMHHP EKLEKE 

104 
105 
106 
107 
108 
109 
110 
111 

QW DIDIVD. SYGNMG 
Y QWCKICTW 

Y 
AHFAPM W TGLSSLHL 

112 
114 
116 

119 
120 

1 2 1. 
122 

GG CC 



U.S. Patent Jun. 3, 2008 Sheet 6 0f 15 US 7,381,795 B2 

FIGURE 3 cont... 

Substitution 
Residue WT 

# residue 
127 G P 

139 T 
HACGP 140 

HKNPQRST 

ILMPVWY N A C F G 
R D F H 
L 

158 
IKNPQSTVWY 

DEFGH 
159 
160 
161 TDEFH 

l MNPQ RSTV WY LACDEFGH 164 
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FIGURE 4 

H g m 

e mmmmmmmmmmmmmmmmmm 
w p E 

Tamaa .ma‘minmaaaaagrwinm.sa WMAMMWHMAAMMMMMSAEM 
n 0 .H 

M#wmmawmwwwmmmmmmmmm 
m H 

ST u 

u ?u 6 ac u wmmMkmmmmmwmmmumhmm 
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FIGURE 5 

Position Position 
of 1st of 1st 

ID # IFNB-la; 15mer 2233:: ID # IFNB 1a; 15mer 2:523: 
(SEQ#) sequence within (SEQ#) sequence within 

IFNB-la IFNB la 
sequence sequence 

1 (91) MSYNLLGFLQRSSNE‘ 1 28 (118) TIVENLLANVYHQIN 82 
2 (92) NLLGFLQRSSNFQCQ 4 29 (119) ENLLANVYHQINHLK 85 
3 (93) GFLQRSSNFQCQKLL 7 30 (120) LANVYHQINHLKTVL 88 
4 (94) QRSSNFQCQKLLWQL 10 31 (121) VYHQINHLKTVLEEK 91 
5 (95) SNE‘QCQKLLWQLNGR 13 32 (122) QINHLKTVLEEKLEK 94 
6 (96) QCQKLLWQLNGRLEY 16 33 (123) HLKTVLEEKLEKEDF 97 
7 (97) KLLWQLNGRLEYCLK 19 34 (124) TVLEEKLEKEDFTRG 100 
8 (98) WQLNGRLEYCLKDRM 22 35 (125) EEKLEKEDFTRGKLM 103 
9 (99) NGRLEYCLKDRMNFD 25 36 (126) LEKEDFTRGKLMSSL 106 
10 (100) LEYCLKDRMNE‘DI PE 28 37 (127) EDFTRGKLMSSLHLK 109 
11 (101) CLKDRMNFDIPEEIK 31 38 (128) TRGKLMSSLHLKRYY 112 
12 (102) DRMNFDIPEEIKQLQ 34 39 (129) KLMSSLHLKRYYGRI 115 
13 (103) NE‘DIPEEIKQLQQFQ 37 40 (130) SSLI-ILKRYYGRILHY 118 
14 (104) IPEEIKQLQQFQKED 4O 41 (131) HLKRYYGRILHYLKA 121 
15 (105) EIKQLQQFQKEDAAL 43 42 (132) RYYGRILHYLKAKEY 124 
16 (106) QLQQFQKEDAALTIY 46 43 (133) GRILHYLKAKEYSHC 127 
17 (107) QFQKEDAALTIYEML 49 44 (134) LHYLKAKEYSHCAWT 130 
18 (108) KEJDAALT IYEMLQNI 52 45 (135) LKAKEYSHCAWT IVR 133 
19 (109) AALTIYEMLQNIFAI 55 46 (136) KEYSHCAWTIVRVEI 136 
20 (110) TIYEMLQNIFAIFRQ 58 47 (137) SHCAWTIVRVEILRN 139 
21 (111) EMLQNIFAIFRQDSS 61 48 (138) AWTIVRVEILRNFYF 142 
22 (112) QNIFAI FRQDSSSTG 64 49 (139) IVRVEILRNFYFINR 145 
23 (113) FAI E‘RQDSSSTGWNE 67 50 (140) VEILRNE‘YFINRLTG 148 
24 (114) FRQDSSSTGWNETIV 70 51 (141) LRNE‘YF‘INRLTGYLR 151 
25 (115) DSSSTGWNETIVENL 73 
26 (116) STGWNETIVENLLAN 76 
27 (117) WNETIVENLLANVYH 79 
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FIGURE 6a 

16 ‘ 
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FIGURE 6b 
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FIGURE 7c 
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I 
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Z 
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FIGURE 7e 

Donor 7 

' ................................................. .. 

\IMMMHHHHWIM. Stlmulatlon Index _. ‘q. I? 

2 

FIGURE 7f 

Donor18 

1 
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FIGURE 8 

INFB IMMUNOGENIC REGIONS 

REGION 1 (R1 ) 

Residue# 49 72 
(SEQ IDNO 2) QFQKEDAALTIYEMLQNIFAIFRQ 

Stimulating 
Peptides: 

#17 QFQKEDAALTIYEML (SEQ ID NO: 107) 
#18 KEDAALTIYEMLQNI (SEQ ID NO: 108) 
#19 AALTIYEMLQNIE‘AI (SEQ ID NO: 109) 
#20 TIIEMLQNIE‘AIFRQ (SEQ ID NO: 110) 

R1 Cumulative Stimulation Index from responsive donors 2 8 

REGION 2 (R2) 

Residue # 124 145 
(SEQ IDNO 3) RYYGRILHYLKAKEYSHCAWT 

Stimulating 
Peptides: 

#42 RYYGRILHYLKA (SEQ ID NO: 132) 
#43 GRILHYLKAKEY (SEQ ID NO: 133) 
#44 LHYLKAKEYSHC (SEQ ID NO: 134) 
#45 LKAKEYSHCAWT (SEQ ID NO: 135) 

R2 Cumulative Stimulation Index from responsive donors 2 l0 
Cumulative Stimulation Index for underlined residues in 

responsive donors 2 9 
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FIGURE 9 

Overlapping Epitope* siriiiggissglde 
Donor Number of Peptide Epitope Peptide Epitope 
# peptides ID# Region lD# Region 
1 1 21 R1 

1 2 43, 44 R2 

2 1 23 R1 

3 1 45 R2 

5 1 44 R2 

7 3 17,18,20 R1 

7 1 43 R2 

18 1 44 R2 
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FIGURE 1021 

Inhibition of Daudi Ceii Proliferation by lFN-B 

Ecumv < 

100000 10000 100 1000 

lFN-? pglml 

FIGURE 10b 

inhibition of Daudi Proliferation by lFN-B 

100000 
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MODIFIED INTERFERON BETA WITH 
REDUCED IMMUNOGENICITY 

This application is the National Stage of International 
Application No. PCT/EP02/02925, ?led on Mar. 15, 2002, 
Which claims priority from European Patent Application No. 
011065398, ?led on Mar. 15, 2001. 

FIELD OF THE INVENTION 

The present invention relates to polypeptides to be admin 
istered especially to humans and in particular for therapeutic 
use. The polypeptides are modi?ed polypeptides Whereby 
the modi?cation results in a reduced propensity for the 
polypeptide to elicit an immune response upon administra 
tion to the human subject. The invention in particular relates 
to the modi?cation of human interferon and speci?cally 
human interferon beta (INFB) to result in INFB protein 
variants that are substantially non-immunogenic or less 
immunogenic than any non-modi?ed counterpart When used 
in vivo. The invention relates furthermore to T-cell epitope 
peptides derived from said non-modi?ed protein by means 
of Which it is possible to create modi?ed INFB variants With 
reduced immunogenicity. 

BACKGROUND OF THE INVENTION 

There are many instances Whereby the ef?cacy of a 
therapeutic protein is limited by an unWanted immune 
reaction to the therapeutic protein. Several mouse mono 
clonal antibodies have shoWn promise as therapies in a 
number of human disease settings but in certain cases have 
failed due to the induction of signi?cant degrees of a human 
anti-murine antibody (HAMA) response [Schrolf, R. W. et al 
(1985) Cancer Res. 45: 879-885; ShaWler, D. L. et al (1985) 
J. Immunol. 135: 1530-1535]. For monoclonal antibodies, a 
number of techniques have been developed in attempt to 
reduce the HAMA response [WO 89/09622; EP 0239400; 
EP 0438310; WO 91/06667]. These recombinant DNA 
approaches have generally reduced the mouse genetic infor 
mation in the ?nal antibody construct Whilst increasing the 
human genetic information in the ?nal construct. NotWith 
standing, the resultant “humanized” antibodies have, in 
several cases, still elicited an immune response in patients 
[Issacs J. D. (1990) Sem. Immunal. 2:449, 456; Rebello, P. 
R. et al (1999) Transplantation 68: 1417-1420]. 

Antibodies are not the only class of polypeptide molecule 
administered as a therapeutic agent against Which an 
immune response may be mounted. Even proteins of human 
origin and With the same amino acid sequences as occur 
Within humans can still induce an immune response in 
humans. Notable examples include the therapeutic use of 
granulocyte-macrophage colony stimulating factor 
[WadhWa, M. et al (1999) Clin. Cancer Res. 5: 1353-1361] 
and interferon alpha 2 [Russo, D. et al (1996) Bri. J. Haem. 
94: 300-305; Stein, R. et al (1988) New Engl. J. Med. 318: 
1409-1413] amongst others. 

Aprincipal factor in the induction of an immune response 
is the presence Within the protein of peptides that can 
stimulate the activity of T-cells via presentation on MHC 
class II molecules, so-called “T-cell epitopes”. Such poten 
tial T-cell epitopes are commonly de?ned as any amino acid 
residue sequence With the ability to bind to MHC Class II 
molecules. Such T-cell epitopes can be measured to establish 
MHC binding. Implicitly, a “T-cell epitope” means an 
epitope Which When bound to MHC molecules can be 
recogniZed by a T-cell receptor (TCR), and Which can, at 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

2 
least in principle, cause the activation of these T-cells by 
engaging a TCR to promote a T-cell response. It is, hoWever, 
usually understood that certain peptides Which are found to 
bind to MHC Class II molecules may be retained in a protein 
sequence because such peptides are recogniZed as “self” 
Within the organism into Which the ?nal protein is admin 
istered. 

It is knoWn, that certain of these T-cell epitope peptides 
can be released during the degradation of peptides, polypep 
tides or proteins Within cells and subsequently be presented 
by molecules of the major histocompatability complex 
(MHC) in order to trigger the activation of T-cells. For 
peptides presented by MHC Class II, such activation of 
T-cells can then give rise, for example, to an antibody 
response by direct stimulation of B-cells to produce such 
antibodies. 

MHC Class II molecules are a group of highly polymor 
phic proteins Which play a central role in helper T-cell 
selection and activation. The human leukocyte antigen 
group DR (HLA-DR) are the predominant isotype of this 
group of proteins and are the major focus of the present 
invention. HoWever, isotypes HLA-DQ and HLA-DP per 
form similar functions, hence the present invention is 
equally applicable to these. The MHC class II DR molecule 
is made of an alpha and a beta chain Which insert at their 
C-termini through the cell membrane. Each hetero-dimer 
possesses a ligand binding domain Which binds to peptides 
varying betWeen 9 and 20 amino acids in length, although 
the binding groove can accommodate a maximum of 11 
amino acids. The ligand binding domain is comprised of 
amino acids 1 to 85 of the alpha chain, and amino acids 1 to 
94 of the beta chain. DQ molecules have recently been 
shoWn to have an homologous structure and the DP family 
proteins are also expected to be very similar. In humans 
approximately 70 different allotypes of the DR isotype are 
knoWn, for DQ there are 30 different allotypes and for DP 47 
different allotypes are knoWn. Each individual bears tWo to 
four DR alleles, tWo DQ and tWo DP alleles. The structure 
of a number of DR molecules has been solved and such 
structures point to an open-ended peptide binding groove 
With a number of hydrophobic pockets Which engage hydro 
phobic residues (pocket residues) of the peptide [Brown et 
al Nature (1993) 364:33; Stern et al (1994) Nature 368:215]. 
Polymorphism identifying the different allotypes of class II 
molecule contributes to a Wide diversity of different binding 
surfaces for peptides Within the peptide binding grove and at 
the population level ensures maximal ?exibility With regard 
to the ability to recogniZe foreign proteins and mount an 
immune response to pathogenic organisms. 

There is a considerable amount of polymorphism Within 
the ligand binding domain With distinct “families” Within 
different geographical populations and ethnic groups. This 
polymorphism affects the binding characteristics of the 
peptide binding domain, thus different “families” of DR 
molecules Will have speci?cities for peptides With different 
sequence properties, although there may be some overlap. 
This speci?city determines recognition of Th-cell epitopes 
(Class II T-cell response) Which are ultimately responsible 
for driving the antibody response to B-cell epitopes present 
on the same protein from Which the Th-cell epitope is 
derived. Thus, the immune response to a protein in an 
individual is heavily in?uenced by T-cell epitope recognition 
Which is a function of the peptide binding speci?city of that 
individual’s HLA-DR allotype. Therefore, in order to iden 
tify T-cell epitopes Within a protein or peptide in the context 
of a global population, it is desirable to consider the binding 
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properties of as diverse a set of HLA-DR allotypes as 
possible, thus covering as high a percentage of the World 
population as possible. 
An immune response to a therapeutic protein such as 

INFB proceeds via the MHC class II peptide presentation 
pathWay. Here exogenous proteins are engulfed and pro 
cessed for presentation in association With MHC class II 
molecules of the DR, DQ or DP type. MHC Class II 
molecules are expressed by professional antigen presenting 
cells (APCs), such as macrophages and dendritic cells 
amongst others. Engagement of a MHC class II peptide 
complex by a cognate T-cell receptor on the surface of the 
T-cell, together With the cross-binding of certain other 
co-receptors such as the CD4 molecule, can induce an 
activated state Within the T-cell. Activation leads to the 
release of cytokines further activating other lymphocytes 
such as B cells to produce antibodies or activating T killer 
cells as a full cellular immune response. 

The ability of a peptide to bind a given MHC class II 
molecule for presentation on the surface of an APC is 
dependent on a number of factors most notably its primary 
sequence. This Will in?uence both its propensity for pro 
teolytic cleavage and also its affinity for binding Within the 
peptide binding cleft of the MHC class II molecule. The 
MHC class II/peptide complex on the APC surface presents 
a binding face to a particular T-cell receptor (TCR) able to 
recogniZe determinants provided both by exposed residues 
of the peptide and the MHC class II molecule. 

In the art there are procedures for identifying synthetic 
peptides able to bind MHC class II molecules (e.g. WO98/ 
52976 and WO00/34317). Such peptides may not function 
as T-cell epitopes in all situations, particularly, in vivo due 
to the processing pathWays or other phenomena T-cell 
epitope identi?cation is the ?rst step to epitope elimination. 
The identi?cation and removal of potential T-cell epitopes 
from proteins has been previously disclosed. In the art 
methods have been provided to enable the detection of T-cell 
epitopes usually by computational means scanning for rec 
ogniZed sequence motifs in experimentally determined 
T-cell epitopes or alternatively using computational tech 
niques to predict MHC class II-binding peptides and in 
particular DR-binding peptides. 
WO98/ 52976 and WO00/34317 teach computational 

threading approaches to identifying polypeptide sequences 
With the potential to bind a sub-set of human MHC class II 
DR allotypes. In these teachings, predicted T-cell epitopes 
are removed by the use of judicious amino acid substitution 
Within the primary sequence of the therapeutic antibody or 
non-antibody protein of both non-human and human deri 
vation. 

Other techniques exploiting soluble complexes of recom 
binant MHC molecules in combination With synthetic pep 
tides and able to bind to T-cell clones from peripheral blood 
samples from human or experimental animal subjects have 
been used in the art [Kem, F. et al (1998) Nature Medicine 
41975-978; KWok, W. W. et al (2001) TRENDS in Immunol. 
221583-588]. These and other schemes including for 
example the use of Whole INFB proteins or INFB derived 
synthetic peptides or variant molecules thereof Which are 
screened for molecules With altered ability to bind or stimu 
late T-cells may also be exploited in an epitope identi?cation 
strategy. 
As depicted above and as consequence thereof, it Would 

be desirable to identify and to remove or at least to reduce 
T-cell epitopes from a given in principal therapeutically 
valuable but originally immunogenic peptide, polypeptide or 
protein. 
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One of these therapeutically valuable molecules is INFB. 

The molecule is a single chain glycoprotein of 166 amino 
acid residues With important biological and immunological 
activity. The protein has signi?cant therapeutic potential in 
man as an anti-viral, anti-proliferative and immunomodu 
lating agent. There are a number of commercial sources of 
recombinant INFB and these include AVONE® recombinant 
INFB; manufactured by Biogen, Inc. (Cambridge, MA, 
USA); REBIF® recombinant INFBmanufactured by Serono 
Intemationa (Geneva, Switzerland) and BETASERON® 
recombinant INFB produced by the Chiron Corporation 
(Emeryville, Calif, USA). The amino acid sequences of 
AVONEX® recombinant INFB and REBIF® recombinant 
INFB are identical to that of natural human INFB and both 
products are glycosylated. By contrast, BETASERON® 
recombinant INFB is produced from an E.c0li expression 
host and is a mutated form of INFB Where cysteine 17 has 
been mutated to a serine residue. It is a 165 amino acid 
non-glycosylated protein With a molecular Weight of 18500. 

The mature human INFB protein is single polypeptide of 
166 amino acids With a molecular Weight of 22500 and is 
produced by various cell types including ?broblasts and 
macrophages. The amino acid sequence of human INFB 
(depicted as one-letter code) is as folloWs: 

(SEQ ID NO: 1) 
MSYNLLGFLQRSSNFQCQKLLWQLNGRLEYCLKDRMNFDIPEEIKQLQQF 

QKEDAALTIYEMLQNIFAIFRQDSSSTGWNETIVENLLANVYHQINHLK? 

TVLEEKLEKEDFTRGKLMSSLHLKRYY 

GRILHYLKAKEYSHCAWTIVRVEILR 

NFYFINRLTGYLRN. 

Others have provided INFB molecules, including modi 
?ed IFNB such as the mutated and aglycosylated form 
comprising Betaseron® and the series of alanine scanning 
mutants described by Runkel et al [Runkel, L. Et al (2000) 
Biochemistry 39: 2538-2551]. Other examples include those 
disclosed in US. Pat. No. 4,588,585 and US. Pat. No. 
6,127,332 but none of these teachings recognise the impor 
tance of T cell epitopes to the immunogenic properties of the 
protein nor have been conceived to directly in?uence said 
properties in a speci?c and controlled Way according to the 
scheme of the present invention. 

HoWever, there is a continued need for INFB analogues 
With enhanced properties. Desired enhancements include 
alternative schemes and modalities for the expression and 
puri?cation of the said therapeutic, but also and especially, 
improvements in the biological properties of the protein. 
There is a particular need for enhancement of the in vivo 
characteristics When administered to the human subject. In 
this regard, it is highly desired to provide INFB With reduced 
or absent potential to induce an immune response in the 
human subject. 

SUMMARY AND DESCRIPTION OF THE 
INVENTION 

The present invention provides for modi?ed forms of 
human interferon beta 1a, herein called “INFB”, in Which the 
immune characteristic is modi?ed by means of reduced or 
removed numbers of potential T-cell epitopes. 
The invention discloses sequences identi?ed Within the 

INFB primary sequence that are potential T-cell epitopes by 
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virtue of MHC class II binding potential. This disclosure 
speci?cally pertains the human INFB protein being 166 
amino acid residues. 

The invention discloses also speci?c positions Within the 
primary sequence of the molecule Which according to the 
invention are to be altered by speci?c amino acid substitu 
tion, addition or deletion Whilst retaining to a maximum 
degree the biological activity of the protein. In cases in 
Which the loss of immunogenicity can be achieved only by 
a simultaneous loss of biological activity it is possible to 
restore said activity by further alterations Within the amino 
acid sequence of the protein. 

The invention furthermore discloses methods to produce 
such modi?ed molecules, and above all methods to identify 
said T-cell epitopes Which require alteration in order to 
reduce or remove immunogenic sites. 

The protein according to this invention Would expect to 
display an increased circulation time Within the human 
subject and Would be of particular bene?t in chronic or 
recurring disease settings such as is the case for a number of 
indications for INFB. The present invention provides for 
modi?ed forms of INFB proteins that are expected to display 
enhanced properties in vivo. The present invention discloses 
the major regions of the INFB primary sequence that are 
immunogenic in man and provides modi?cation to the said 
sequences to eliminate or reduce the immunogenic effec 
tiveness of these sites. In one embodiment, synthetic pep 
tides comprising the said immunogenic regions can be 
provided in pharmaceutical composition for the purpose of 
promoting a tolerogenic response to the Whole molecule. In 
a further embodiment, the modi?ed INFB molecules of the 
present invention can be used in pharmaceutical composi 
tions. 

In summary the invention relates to the following issues: 
a modi?ed molecule having the biological activity of 
INFB and being substantially non-immunogenic or less 
immunogenic than any non-modi?ed molecule having 
the same biological activity When used in vivo; 

an accordingly speci?ed molecule, Wherein said loss of 
immunogenicity is achieved by removing one or more 
T-cell epitopes derived from the originally non-modi 
?ed molecule; 

an accordingly speci?ed molecule, Wherein said loss of 
immunogenicity is achieved by reduction in numbers of 
MHC allotypes able to bind peptides derived from said 
molecule; 

an accordingly speci?ed molecule, Wherein one T-cell 
epitope is removed; 

an accordingly speci?ed molecule, Wherein said origi 
nally present T-cell epitopes are MHC class II ligands 
or peptide sequences Which shoW the ability to stimu 
late or bind T-cells via presentation on class II; 

an accordingly speci?ed molecule, Wherein said peptide 
sequences are selected from the group as depicted in 
FIG. 1; 

an accordingly speci?ed molecule, Wherein 1-9 amino 
acid residues, preferably one amino acid residue in any 
of the originally present T-cell epitopes are altered; 

an accordingly speci?ed molecule, Wherein the alteration 
of the amino acid residues is substitution, addition or 
deletion of originally present amino acid(s) residue(s) 
by other amino acid residue(s) at speci?c position(s); 

an accordingly speci?ed molecule, Wherein one or more 
of the amino acid residue substitutions are carried out 
as indicated in FIG. 2; 

an accordingly speci?ed molecule, Wherein (additionally) 
one or more of the amino acid residue substitutions are 
carried out as indicated in FIG. 3 for the reduction in 

6 
the number of MHC allotypes able to bind peptides 
derived from said molecule; 

an accordingly speci?ed molecule, Wherein one or more 
amino acid residue substitutions are carried out as 

5 indicted in FIG. 4. 
an accordingly speci?ed molecule, Wherein, if necessary, 

additionally further alteration usually by substitution, 
addition or deletion of speci?c amino acid(s) is con 
ducted to restore biological activity of said molecule; 

an accordingly speci?ed molecule Wherein alteration is 
conducted at one or more residues from the string of 
contiguous residues of sequence (a) 
QFQKEDAALTIYEMLQNIFAIFRQ (R1; SEQ ID 
NO: 2) and/or of sequence; (b) RYYGRIL 
HYLKAKEYSHCAWT (R2; SEQ ID NO: 3) Wherein 
said sequences are derived from the INFB Wild-type 
sequence; 

a peptide molecule comprising 13-15 consecutive resi 
dues from any of sequences (a) or (b) above; 
peptide molecule comprising at least 9 consecutive 
residues from any of the sequences (a) or (b) above; 

a peptide molecule of above sharing greater than 90% 
amino acid identity With any of the peptide sequences 
derived from (a) or (b) above; 
peptide molecule of above sharing greater than 80% 
amino acid identity With any of the peptide sequences 
derived from (a) or (b) above; 

peptide sequences as above able to bind MHC class II; 
an accordingly speci?ed INFB molecule, Wherein one or 
more of the amino acid substitutions is conducted at a 
position corresponding to any of the amino acids speci 
?ed Within sequence (a) above; 

an accordingly speci?ed INFB molecule, Wherein one or 
more of the amino acid substitutions is conducted at a 
position corresponding to any of the amino acids speci 
?ed Within sequence (b) above; 

an accordingly speci?ed INFB molecule, Wherein one or 
more of the amino acid substitutions is conducted at a 
position corresponding to any of the amino acids speci 
?ed Within sequences (a) or (b) above; 

a modi?ed human interferon beta (INFB) having reduced 
immunogenicity consisting of the folloWing sequence: 

20 a 

25 a 

30 

40 

45 

HQINHLKTVLEEKLEKEDFTRGKLMSSLHLKRYYGRILHYLKAKEYSHCA 

50 WTIVRVEILRNFYFINRLTGYLRN, 

wherein X0 is C, S; X1 is F, A; X2 is L, A; X3 is I, A; X4 
is Y, N; X5 is M, A; X6 is L, A; X7 is I, T; X8 is F, H; 
X9 is I, A and X10 is F, A; 

Whereby simultaneously XIIF’ XZIL, X3II, X4IY, XSIM, 
X6IL, X7:I, XSIF’ X9:I and XIOIF are excluded (these 
exclusions describe the knoWn imungenetically non 
modi?ed INFB variants); 

a modi?ed human interferon beta (INFB) having reduced 
immunogenicity consisting of the folloWing sequence: 

55 

60 

(SEQ ID NO : 5) 

MSYNLLGFLQRSSNFQXOQKLLWQLNGRLEYCLKDRMNFDIPEEIKQLQ 

65 QFQKEDAALTIYEMLQNIFAIFRQDSSSTGWNETIVENLLANVYHQINHL 
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— cont inued 

AWTIVRVEILRNFYFINRLTGYLRN , 

wherein X0 is C, S; XZ is Y, A; X2 is Y, A; X3 is I, A; X4 
is L, A; X5 is Y, S; X6 is L,Aand X7 is Y, H, A; whereby 
simultaneously XIIY, X2 :Y, X3 :1, X4 :L, X5 :Y, 
X6 :L and X7 :Y are excluded. (these exclusions 
describe the known imungenetically non-modi?ed 
INF[3 variants); 

an INF beta molecule consisting of 9-15 consecutive 
amino acid residues, having a potential MHC class II 
binding activity and created from the primary sequence 
of non-modi?ed INE[3, whereby said molecule has a 
stimulation index of at least at least 1.8, preferably 
1.8-2, more preferably>2, in a biological assay of 
cellular proliferation wherein said index is taken as the 
value of cellular proliferation scored following stimu 
lation by a peptide and divided by the value of cellular 
proliferation scored in control cells not in receipt 
peptide and wherein cellular proliferation is measured 
by any suitable means; 

a pharmaceutical composition comprising any of the 
peptides or modi?ed peptides of above having the 
activity of binding to MHC class II; 

a DNA sequence or molecule which codes for any of said 
speci?ed modi?ed molecules as de?ned above and 
below; 

a pharmaceutical composition comprising a modi?ed 
molecule having the biological activity of INF[3; 

a pharmaceutical composition as de?ned above and/or in 
the claims, optionally together with a pharmaceutically 
acceptable carrier, diluent or excipient; 

a method for manufacturing a modi?ed molecule having 
the biological activity of INF[3 as de?ned in any of the 
claims of the above-cited claims comprising the fol 
lowing steps: 

(i) determining the amino acid sequence of the polypep 
tide or part thereof; (ii) identifying one or more poten 
tial T-cell epitopes within the amino acid sequence of 
the protein by any method including determination of 
the binding of the peptides to MHC molecules using in 
vitro or in silico techniques or biological assays; (iii) 
designing new sequence variants with one or more 
amino acids within the identi?ed potential T-cell 
epitopes modi?ed in such a way to substantially reduce 
or eliminate the activity of the T-cell epitope as deter 
mined by the binding of the peptides to MHC mol 
ecules using in vitro or in silico techniques or biologi 
cal assays; (iv) constructing such sequence variants by 
recombinant DNA techniques and testing said variants 
in order to identify one or more variants with desirable 
properties; and (v) optionally repeating steps (ii)-(iv); 

an accordingly speci?ed method, wherein step (iii) is 
carried out by substitution, addition or deletion of 1-9 
amino acid residues in any of the originally present 
T-cell epitopes; 

an accordingly speci?ed method, wherein the alteration is 
made with reference to an homologous protein 
sequence and/or in si/icc modeling techniques; 

an accordingly speci?ed method, wherein step (ii) of 
above is carried out by the following steps: (a) selecting 
a region of the peptide having a known amino acid 
residue sequence; (b) sequentially sampling overlap 
ping amino acid residue segments of predetermined 
uniform siZe and constituted by at least three amino 
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8 
acid residues from the selected region; (c) calculating 
MHC Class II molecule binding score for each said 
sampled segment by summing assigned values for each 
hydrophobic amino acid residue side chain present in 
said sampled amino acid residue segment; and (d) 
identifying at least one of said segments suitable for 
modi?cation, based on the calculated MHC Class II 
molecule binding score for that segment, to change 
overall MHC Class H binding score for the peptide 
without substantially reducing therapeutic utility of the 
peptide; step (c) is preferably carried out by using a 
Bohm scoring function modi?ed to include 12-6 van 
der Waal’s ligand-protein energy repulsive term and 
ligand conformational energy term by (1) providing a 
?rst data base of MHC Class H molecule models; (2) 
providing a second data base of allowed peptide back 
bones for said MHC Class H molecule models; (3) 
selecting a model from said ?rst data base; (4) selecting 
an allowed peptide backbone from said second data 
base; (5) identifying amino acid residue side chains 
present in each sampled segment; (6) determining the 
binding af?nity value for all side chains present in each 
sampled segment; and repeating steps (1) through (5) 
for each said model and each said backbone; 

a 13mer T-cell epitope peptide having a potential MHC 
class II binding activity and created from non-modi?ed 
INF[3, selected from the group as depicted in FIG. 1 and 
its use for the manufacture of INF[3 having substan 
tially no or less immunogenicity than any non-modi?ed 
molecule with the same biological activity when used 
in vivo; 

a peptide sequence consisting of at least 9 consecutive 
amino acid residues of a 13mer T-cell epitope peptide 
as speci?ed above and its use for the manufacture of 
INF[3 having substantially no or less immunogenicity 
than any non-modi?ed molecule and having the bio 
logical activity of a human interferon [3 when used in 
vivo; 

a 13mer T-cell epitope peptide having a potential MHC 
class II binding activity and created from non-modi?ed 
INF[3, selected from any of the group of sequences (a) 
or (b) as de?ned above and its use for the manufacture 
of INF[3 having substantially no or less immunogenic 
ity than any non-modi?ed molecule and having the 
biological activity of a human interferon [3 when used 
in vivo; 

a peptide sequence consisting of at least 9 consecutive 
amino acid residues of a 13mer T-cell epitope peptide 
as derived from any of the sequences (a) or (b) as 
speci?ed above, and its use for the manufacture of 
INF[3 having substantially no or less immunogenicity 
than any non-modi?ed molecule and having the bio 
logical activity of a human interferon [3 when used in 
vivo. 

The term “T-cell epitope” means according to the under 
standing of this invention an amino acid sequence which is 
able to bind MHC class II, able to stimulate T-cells and/or 
also to bind (without necessarily measurably activating) 
T-cells in complex with MHC class II. The term “peptide” 
as used herein and in the appended claims, is a compound 
that includes two or more amino acids. The amino acids are 

linked together by a peptide bond (de?ned herein below). 
There are 20 different naturally occurring amino acids 
involved in the biological production of peptides, and any 
number of them may be linked in any order to form a peptide 












































































